Psychotic experiences (PE) in individuals of the general population are hypothesized to mark the early expression of the pathology underlying psychosis. This notion of PE as an intermediate phenotype is based on the premise that PE share genetic liability with psychosis. We examined whether PE in childhood was predicted by a family history of mental disorder with psychosis rather than a family history of nonpsychotic mental disorder and whether this association differed by severity of PE. The study examined data on 1632 children from a general population birth cohort assessed at age 11-12 years by use of a semistructured interview covering 22 psychotic symptoms. The Danish national registers were linked to describe the complete family history of hospital-based psychiatric diagnoses. Uni-and multivariable logistic regressions were used to test whether a family history of any mental disorder with psychosis, or of nonpsychotic mental disorder, vs no diagnoses was associated with increased risk of PE in offspring (hierarchical exposure variable). The occurrence of PE in offspring was significantly associated with a history of psychosis among the first-degree relatives (adjusted relative risk [RR] = 3.29, 95% CI: 1.82-5.93). The risk increased for combined hallucinations and delusions (adjusted RR = 5.90, 95% CI: 2.64-13.16). A history of nonpsychotic mental disorders in first-degree relatives did not contribute to the risk of PE in offspring nor did any mental disorder among second-degree relatives. Our findings support the notion of PE as a vulnerability marker of transdiagnostic psychosis. The effect of psychosis in first-degree relatives may operate through shared genetic and environmental factors.
Introduction
Psychotic experiences (PE) including hallucinatory perceptions, delusional ideas, and subjective disturbances of thoughts in the absence of a clinical psychotic disorder are common in the general population of children and adults. [1] [2] [3] It has been suggested that the various manifestations of PE mark an underlying genetic vulnerability for later development of psychosis and schizophrenia. 3 The first evidence for shared heritability of PE with psychotic symptoms came from a general populationbased twin study 4 showing that the cross-twin association between PE and clinically significant psychotic symptoms was much larger in monozygotic than dizygotic twin pairs. 4 Another general population-based twin study of PE 5 confirmed the heritability of PE by the finding of a significantly higher within-pair correlation of PE among monozygotic twins than among dizygotic twins. In this study, genetic effects accounted for 43% of the variance.
A history of schizophrenia and related psychotic disorders in first-degree relatives has been established as the strongest single indicator of risk of schizophrenia and psychotic disorder. 6, 7 If the expression of PE is an important intermediate phenotype along the developmental trajectory to psychosis, an increased family load of psychotic disorders would be expected to predict PE. General population studies have investigated the family Psychotic Experiences and Family Liability history of psychiatric disorders for offspring or relatives with PE. In the Netherlands Mental Health Survey and Incidence study (N = 5550), PE in first-degree relatives were strongly associated with psychotic disorder in the proband. 8 The Avon Longitudinal Study of Parents and Children cohort study (N = 4975) 9 found that PE in children at age 12 years were predicted by a family history of depression, but not by a family history of schizophrenia. Another study of familial risk (N = 2163) 10 focused on broader categories of both psychotic and nonpsychotic psychopathology in parents and found that general parental psychopathology predicted the highest scores for PE at age 15-16 years, whereas psychotic parental psychopathology predicted the persistence of PE from age 10-16 years. A Turkish study 11 of a general population-based sample of adolescents and adults (N = 4011) reported that increased severity of clinically significant psychotic symptoms in offspring was associated with an increased number of affected relatives, and increased severity of their mental illnesses, whereas subthreshold PE were predicted by any mental disorder in relatives, most often anxiety and depression. However, this diversity in findings may be related to the use of different definitions, measurements, and cutoffs to categorize the psychiatric family history and the type and severity of PE in offspring. Thus, a meta-analysis comprising 411 prevalence and 35 incidence rates from 61 cohorts concluded that PE were associated with a history of mental disorder in first-degree relatives but could not provide insight as to which mental disorders specifically contributed to this association. 2 Genetic variants that are weakly associated with schizophrenia in very large genome-wide association studies (GWAS), explaining a small proportion of the genetic risk associated with the disorder (the Psychiatric Genomics Consortium polygenic scores and specific single nucleotide polymorphisms, SNPs), were not associated with PE in 2 samples according to recent studies. 12, 13 Schizophrenia, however, is a multidimensional construct including psychosis and other domains of psychopathology, and SNP variants often are not specific for schizophrenia 14, 15 but may contribute to general impairments that increase the probability of contacting mental health services. Furthermore, it is conceptually intriguing that the family history of psychotic disorder does not appear to be associated with SNP variation identified in GWAS. 16 Psychiatric family history reflects genetic liability, environmental liability due to shared environmental factors, and various modes of gene-environment interplay. Nevertheless, in the absence of candidate genes or polygenic risk scores explaining more than a minor portion of the variation in schizophrenia liability, family history of psychotic disorders remains a productive tool to predict vulnerability of psychosis.
For the present study, we used the Danish national registers to assess the complete history of hospital-based psychiatric contacts and diagnoses in all first-and seconddegree relatives of children (N = 1632) in the Copenhagen Child Cohort 2000 (CCC2000). The study aimed to test the hypothesis that PE in preadolescence were predicted by a history of psychotic disorders rather than a history of nonpsychotic disorders in first-degree relatives. The same hypothesis was tested in second-degree relatives. Furthermore, we examined whether the associations differed by type and severity of PE.
Methods

Study Sample
The CCC2000 comprises all 6090 children born in the year 2000 in 16 municipalities in the County of Copenhagen, Denmark. The cohort is representative for children born in Denmark that year regarding key perinatal characteristics. 17 A total of 6071 were alive at age 11 years, but only 4847 children were eligible for follow-up because 217 had emigrated, 14 were not traceable, and 993 had claimed "research protection" (a Danish option used when citizens wish to avoid inquiries from research and consumer surveys). The parents of all eligible children were contacted up to 4 times by letter and/or telephone and invited to sign up their child for the interview and assessment. Of the 4847 eligible children, 1632 (33.7%) attended the interview. The recruitment procedures are described elsewhere. 18 
Measures
Psychotic Experiences. The lifetime presence of PE was assessed using a semistructured interview with clinical probing and cross-examination of PE, using the 22 items from the Kiddie-SADS-Present and Lifetime Version (K-SADS-PL) 19 covering 9 types of hallucinations and 13 types of delusions. Each experience was scored as "not present" vs "likely or definitely" present during the last month and/or the lifetime before. The ratings followed the K-SADS-PL item definitions and instructions, meaning that if the child only heard someone calling their name, or if the experience was described as hypothetical, or if the belief was culturally accepted or plausible like "my best friend reads my thoughts," the item was scored as "not present." Also, symptoms were rated "not present" if occurring only in relation to sleep, fever, somatic illness, or use of alcohol or medicine.
Lifetime PE was chosen as the primary outcome measure because the majority of children described onset of PE prior to the last month and with continuation of symptoms into the last month. For the secondary analyses of the effect of the family load on different types and severities of PE, we divided the group of children with lifetime PE into those with (1) isolated hallucinations, (2) isolated delusions, and (3) combined hallucinations and delusions. Based on the evidence from other studies of the general population 11, 20, 21 including evidence of greater likelihood of familial clustering with mental disorder 11, 20 and schizophrenia 22 for hallucinatory experiences combined with delusional ideation, the lifetime history of combined hallucinations and delusions was chosen as an index of increased severity and clinical significance of PE. The interviews and scorings were performed by trained professionals (students, psychologists, and a psychiatrist participating in joint ratings of videotaped interviews bimonthly) from May 1, 2011 to October 1, 2012. The interrater reliability for any PE (κ = 0.94), any hallucination (κ = 0.91), and any delusion (κ = 0.64), respectively, was moderate to excellent. 18 
Registered Psychiatric Diagnoses.
All first-degree (mother, father, and siblings) and second-degree relatives (grandmothers, grandfathers, and siblings of parents) of the children were identified and linked via the Central Person Register using the personal identification numbers. These data were then linked to the Psychiatric Central Research Register, which contains data on all admissions to psychiatric hospitals in Denmark since 1969 and all outpatient contact data since 1995. From April 1969 to December 1993, the diagnostic system used by clinicians in Denmark was the International Classification of Diseases, 8th Revision (ICD-8), and from January 1994, the International Classification of Diseases, 10th Revision (ICD-10). The full spectrum of mental health disorders was included and divided into 2 categories: (1) mental disorder with psychosis and (2) any nonpsychotic mental disorder or any other contact, including contacts related to attempted suicide, selfharm, or abuse of alcohol and/or drugs, at any psychiatric hospital or center in Denmark. The category of nonpsychotic mental disorders included all other psychiatric diagnoses than above, ie, all other diagnoses within ICD-10 F10-99 and ICD-8 290-315. For suicidal behaviors, we included the codes ICD-10 X60-84 and Y870 and ICD-8 950-959. We included any registered diagnosis from the date of birth of the person or from April 1969 (which ever came last) and until the birth of the CCC2000 index child (for siblings until December 2010). Except for siblings, we included only diagnoses registered prior to the birth of index child in order to avoid reverse causation.
The Psychiatric Family History as Proxy Measure of the Familial Liability.
Family history is often used to estimate familial risk, but there is no consensus on how to score it. The most commonly used score is the dichotomous score of having at least one relative with the disorder of interest or none. Several authors have reviewed different, more elaborated scores incorporating information on the number, kinship, age and gender of affected family members, and the family size and structure, in order to predict family liability. [23] [24] [25] [26] The various methods, including the simple dichotomous score, have all produced significant predictions of the disorder of interest with only small differences between most of the scores. 25, 26 The Dunedin Family Health History Study 25 compared the predictability of different scores for a range of mental health disorders and found the density measures (ie, number or proportion of affected family members, or the Reed's score) 27 to be slightly better for all disorders but only significantly better for those conditions with relatively high prevalences. For other disorders, including schizophrenia, the family history could be adequately assessed using a simple dichotomous measure. 25, 28 Some combine scores across kinship by giving the weight of 1 to first-degree relatives and the weight of 0.5 to second-degree relatives 25, 29 ; however, these weights may not generalize across populations and disorders. Therefore, we decided to study a simple hierarchical score, where any mental disorder with psychosis overruled the event of any nonpsychotic disorder among relatives, and to examine first-degree relatives and second-degree relatives separately and then test whether the data could be meaningfully collapsed across kinship to create one single measure of familial liability. A hierarchical exposure variable was constructed with 3 levels indicating "any mental disorder with psychosis," "any other mental disorder," and "no registered psychiatric contacts" for the first-degree relatives. Any mental disorder with psychosis was a priori interpreted as reflecting a large familial load, whereas nonpsychotic mental disorders were interpreted as a small familial load. A similar hierarchical measure with 3 levels was constructed for the second-degree relatives.
Other Register-Based Data Used for Analyses of Attrition and Confounding. Data from the Medical Birth Register and the Integrated Database for Labor Market Research
were linked through the Danish Civil Registration System using the personal identification numbers of the CCC2000 children in order to describe their sociodemographic and perinatal characteristics.
Statistical Analyses
Chi-square tests were used for the attrition analyses comparing participants with nonparticipants alive at age 11 years. Uni-and multivariable binomial logistic regressions with a log-link function were used to test whether children with a large familial load (any mental disorder with psychosis) had an increased risk of PE, and if children with a small familial load (any nonpsychotic mental disorder) had an intermediate risk of PE, compared with children with no familial load of psychiatric diagnoses. The hierarchical measure of familial load was created and tested separately for first-degree relatives and then for second-degree relatives. If both variables showed association with PE in offspring, a model was included testing whether the diagnosis in first-degree relatives could be assumed to have, eg, twice the effect of diagnosis in second-degree relatives on the multiplicative scale. Furthermore, we tested if more than 1 first-degree relative respectively more than 1 second-degree relative with a diagnosis added to the risk of PE for children with any affected relative. The chosen exposure variables were tested for association with any lifetime PE and secondarily with isolated hallucinations, isolated delusions, and combined hallucinations and delusions in lifetime. Each outcome group was compared with the reference group of children with no PE. For sensitivity analyses, we examined PE, and subgroups of PE, vs no PE in last month. A chi-square test was used for a post hoc analysis of the association between familial load and severity of PE scored as number of different psychotic symptoms ever in life (0, 1-2, and ≥3 PE).
Because we studied the familial load of mental disorders as a proxy measure of genetic liability, all other risk factors for psychosis were regarded as putative mediators or moderators of the effect of the familial load on PE in offspring. Only 2 variables were treated as putative confounders: (1) foreign ethnicity defined as 1 or 2 parents born outside Denmark because mental disorders in family members living outside Denmark are not detectable in the Danish registers, meaning that familial risk most likely would be underreported, while the offspring of ethnic minority parents may have increased risk of PE and (2) being the only child, because no siblings means less change of detecting the exposure, while the risk of PE in the index child may be increased as lower fecundity mark vulnerability of psychosis. The effect of psychiatric disorder in second-degree relatives was adjusted only for foreign ethnicity.
For the study of putative mediators, we created (1) a family adversity index (both parents born outside Denmark, parents not living together at child's birth, any change in family composition over the period 2000-2010, , no singleton birth, and any registered birth complication). Each event was scored 1, and the range of sum scores were 0-6 for the family adversity index and 0-5 for the perinatal health index.
The multivariable binomial logistic regression analyses of the effect of the familial load on risk of PE in offspring were adjusted for confounders and then further adjusted for perinatal health and family adversity (1 index at a time). All statistical tests were 2 sided with a significance level of 5% and performed using STATA version 12. 
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Results
Attrition
The attrition analyses comparing the 1632 participating children with the 4439 nonparticipating children showed statistically significant, albeit minor differences in sociodemographic and perinatal characteristics with lower frequencies of biological and psychosocial adversities among the participating children, including a slightly lower frequency of a family history of psychiatric disorders (table 1) .
PE in Offspring
A total of 172 (10.5%) of 1632 children had a history of any PE. The children with PE were divided into subgroups with isolated hallucinations (n = 68), isolated delusions (n = 27), and combined hallucinations and delusions (n = 77) ever in life and likewise for PE in last month (table 2). The observed rate of combined hallucinations and delusions (4.7%) was 8 times higher than expected by chance combination (0.6%) of the observed rate of any hallucinations (8.9%) and of any delusions (6.4%). This co-occurrence of hallucinations and delusions confirms previous work 20 indicating natural clustering of these symptom dimensions.
Family History as Predictor of PE
We were able to identify and link register-based data on the psychiatric history of both first-and second-degree relative for all of the 1632 children assessed for PE. Among these children, a total of 21 (1.3%) had a first-degree relative with a prior diagnosis of any mental disorder with psychosis (11 mothers, 8 fathers, and 2 siblings) and 192 (11.8%) had a first-degree relative with a prior diagnosis of nonpsychotic disorder (69 mothers, 48 fathers, and 92 siblings) (table 3). None of the children had more than 1 first-degree relative with a psychotic disorder, whereas 17 of the children (16 without PE and 1 with PE) had 2 firstdegree relatives with a diagnosis of nonpsychotic disorder. The putative confounding or mediating variables were described by these exposure categories (table 4) .
The binomial logistic regression analysis showed that a high familial load (any mental disorder with psychosis) among first-degree relatives was associated with a significantly increased risk of PE, also after adjustment for confounders (relative risk [RR] = 3.29, 95% CI: 1.82-5.93) when compared with children with no familial load among their first-degree relatives. Further adjustment for the family adversity index (table 5) or the perinatal health index (table 5) did not substantially change the result. The children with a small familial load (nonpsychotic disorders) among first-degree relatives did not show a large or significantly increased risk of PE (RR = 1.20, 95% CI: 0.79-1.82) compared with children with no familial load. We added a variable to the model to test if the load of more than 1 first-degree relative with a diagnosis of nonpsychotic disorder conferred a greater risk of PE than just one affected relative, but due to low number of children with this exposure, the estimate had a very wide confidence interval; the RRs, however, were not suggestive of increased risk. All analyses were repeated including only one member (randomly selected) from each of the 32 twin pairs (reducing the sample to N = 1600) with no substantial differences in any estimated effects of the familial load in first-degree relatives.
Regarding the second-degree relatives of the 1632 children, a total of 118 (7.2%) had a relative with a diagnosis of any mental disorder with psychosis (88 grandparents and 34 siblings of parents) and 455 (27.9%) had a relative with a diagnosis of nonpsychotic disorder (345 grandparents and 175 siblings of parents). Four of the 1632 children had more than 1 second-degree relative with any mental disorder with psychosis and 95 of the children had more than 1 second-degree relative with a nonpsychotic disorder. The risk of PE in offspring was not predicted by a large familial load (any mental disorder with psychosis, RR = 1.01, 95% CI: 0.58-1.79) or a small familial load (nonpsychotic disorder, RR = 1.05, 95% CI: 0.76-1.45) compared with no familial load among second-degree relatives. We added a variable to test if the load of more than 1 second-degree relative with a diagnosis of nonpsychotic disorder conferred a greater risk of PE than just one affected relative. All of the estimated effects in this model had wide confidence intervals and were not suggestive of increased risk. Thus, data did not support a model including any effect of diagnosis in second-degree relatives.
The exposure of primary interest was hereafter the simple hierarchical measure of the familial load in firstdegree relatives. The secondary analyses, using this measure, showed significant associations between a diagnosis of psychosis in first-degree relatives and lifetime combined hallucinations and delusions (RR = 5.90, 95% CI: 2.64-13.16) vs no PE in offspring. Few children had isolated hallucinations or delusions throughout lifetime, and the risks of these outcomes were not significantly increased in children with either a high or low familial load. However, the estimated risks were in the same range as for any PE, but confidence intervals were wide.
The sensitivity analyses using any PE and PE subgroups in last month as outcome confirmed the significant effect of a familial load of psychotic disorder in first-degree relatives on risk of any PE (RR = 4.64, 95% CI: 2.40-8.94) (table 6). For subgroups of PE in last month, only isolated hallucinations were significantly predicted by a high familial load (RR = 6.90, 95% CI: 2.94-16.21) (table 6), whereas the other associations were insignificant (table 6) .
The analysis of the association between familial load (no disorder, nonpsychotic disorder, and psychotic disorder) and number of different PE in life (0, 1-2, and ≥3) showed a significantly increased number of PE in offspring with increased familial load, chi-square test = 18.52 (df = 4), P = .001.
Discussion
We used the Danish national registers to assess the complete history of hospital-based psychiatric contacts and diagnoses in all first-and second-degree relatives of the CCC2000 children with data on PE at age 11-12 years (N = 1632). The key finding of the study was that any lifetime PE in preadolescence was significantly predicted by a history of any mental disorder with psychosis in firstdegree relatives, whereas nonpsychotic disorders had no effect. The psychiatric history of the second-degree relatives showed no effects on risk of PE in offspring, regardless of the number of affected relatives and the type of diagnosis. We had expected an effect of diagnoses in the second-degree relatives of the same kind but attenuated compared with the effect of diagnoses in first-degree relatives. Our data support the hypothesis of a familial load of psychosis being significantly associated with PE in offspring, but only with regard to the load in first-degree relatives. Furthermore, the results indicated increasing effect of the familial load of psychosis in first-degree relatives for increasing severity and clinical significance of PE, as indicated by the combination of both delusions and hallucinations in offspring, 22 however, with overlapping confidence intervals for risk of PE and the combined type of PE. The sensitivity analyses examining PE only in last month showed robust effects of a familial load of psychotic disorder on risk of PE in offspring. Contrary to our expectation, the greatest effect was found for isolated hallucinations in the last month, which may reflect, that the combined type of PE captures the development of secondary delusional ideas, which may need a longer observation time to develop.
An important strength of the present study is the comprehensive assessment of both the exposure and the outcome of interest. The PE phenotype was assessed using interviews and ratings by trained professionals on each of 22 items of psychotic phenomenology, thereby mimicking the best practice of standardized psychopathological assessment in the clinic. Furthermore, the use of the Danish Psychiatric Central Research Register to capture all psychiatric diagnoses in all first-and second-degree relatives of the participating children is unique. This nationwide registration covers all mental disorders diagnosed and treated in the hospital-based mental health services in Denmark. 30 Individuals with mild-to-moderate mental disorders may be either untreated or treated by general practitioners or specialists in private practices. Thus, some mild disorders were missed, whereas data on moderate to severe mental disorders would likely be almost Note: PE, psychotic experiences. complete. Several studies have validated specific clinical diagnoses in the register, 31 including schizophrenia, 32 and found good validity of the diagnoses. All prior studies of the familial liability in children with PE 9-11 have relied on self-reported histories bearing the risk of recall bias, most likely in the direction of underreporting of severe mental disorders. Such recall bias was avoided in the present study by use of complete register-based records. By using a broad definition of psychotic disorder, we intended to study all psychotic events in the family as markers of a genetic liability of transdiagnostic psychosis. Nonspecific characteristics of relatives with more severe mental illnesses may have led to more service contact. However, such nonspecific effects are unlikely to explain the 3-to 7-fold increased risk of various types of PE in offspring of first-degree relatives with psychotic disorders.
Psychotic Experiences and Family Liability
The participating children were characterized by more favorable birth and sociodemographic characteristics and had a slightly lower psychiatric family load compared with nonparticipating children. This positive selection may explain the slightly lower lifetime prevalence of PE (10.9%) in our sample 18 compared with the lifetime prevalence of PE (14.5%) found in the Dunedin cohort. 33 A higher median prevalence of PE in children aged 9-12 years has been reported in a meta-analysis including studies of self-reported PE. 1 The discrepancy with regard to the finding of a significant effect of psychotic disorder in firstdegree but no effect of any disorders in second-degree relatives may reflect the fact that the psychiatric history is a proxy measure of the familial liability comprising both genetic and environmental factors. The combined effects of the genetic and environmental factors are diluted from one generation to the next. Also, the possible attrition of parents who were burdened by mental illnesses among their relatives would bias the results toward the null, especially with regard to the effect of second-degree relatives.
This study provides new evidence of a higher familial load specifically of psychosis among first-degree relatives of preadolescents with PE. The findings indicate that the early manifestations of PE may share some of the genetic liability underlying the transdiagnostic dimension of psychosis. These findings echo the transdiagnostic findings of GWAS studies, 14, 15 suggesting that PE may represent an important intermediary phenotype in transdiagnostic genetic research on psychosis.
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